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14CML114EARRESPONSE OF A POST-TENSIONED CONCRET: STRUCTURE TO STATIC
AND DYNAMIC INTERNAL-PRESSURS ‘.OADS

T. A. Butler
J. G. Bennett

Los Alamos Scientific Laboratory
Los Alamos, NM

ABSTRACT

A nonlinear finite element model of a nuclear power plant
containment building was developed to determine Its ul~imate pres-
sure capability under quaslstatic and impulsive dynamic loads. The
AIJINA finite element computer code was used to develop the model
because of its capability to handle concrete cracking and crush-
ing. Results indicate that, even though excessive concrete crack-
ing occurs, failure is ultimately caused by rupture of post-
tensioning tendons.



NONLINEAR RESPONSE OF A POST-TENSIONED COI;CRETE STRUCTURE TO STATIC
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T. A. Butler
J. G. Bennett
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1. INTRODUCTION

During a postulate meltdown acciden~ irl a pressurized water reactor

(PHR), the containrrent building is the iast line of defense for protecting

the public from a release of fission products. Ssfcty studies nave indi-

cated that the principal contributor to the risk of containment failure

during a meltdown ~ccident is overpressure generated by steam and norl-

condensable gases. The overpressure loads are quaslstatic in nature. A

secondary risk contributor Is an impulsive transient load qencrated by a

hydrogen burn in the containment building. Tile purpose of this study w~s to

set lower bounds for containment failure for bnth types of loads. Sub-

sequently, a set point ciin be chosen fur a pressure rclit~f systwm for the

containment buildl~g.

The specific containment building that we ir]%ustiga:ed Is a lichtl.v

reir,forced, post-tensionea ‘~mrcrete structure cumpnsud of J right circular

cylinder and d spherical dome (Fig. 1). A massivr transition ring hutwlwn

the cylinder dnd dom? swves as an anchor for post-lcnsionlnq t(vidon%. rhv

interior of the building is lln~d with a 1/4 in.-thick (li,5-lmn) ductilp

steel liner. The ult.imdtc cnpiibility of the huildirm is drtrrwill~it rith~’r

by the pressure dt which th: stvcl Iinlvm scp,wdl.l’r. ‘ ‘s ~t”(!vlrllli(l tlfl li’!~,l~lt’ 11,11)i

fur fission products, or by failure of the p~lst-11’llsi(’ilitl!l 11’tI.!uIII..

Uucallw rwlirruar and t:”nrsiwlt rrsponst’ colrul,lli[mr. wfIrl r~’f.::is’l’11. F.{1

~iw!ie t~ study thu problum with thr AlllNA flni~~~ PIIII:I.IIt rIII’a I:!I’V ,.111111’ 1111

lh! Los AIIN!1o% ~~ciwrtitlc I.dmrfltw.v (LA%] UKP\ t-[l’:IIl!@’.



II. CONTA1N14ENT BUILDING DESIGN

The containment building is a lightly reififo-ted, pest-tensi~rlad corl-

crete stru~ture w:th the basic dimensions shown in Fig. 1. Vertical post-

tensioning in the cylindrical section is protiid~~ by 216 steel t=ndons

anchcred at the base slab on the bottom and the :r?nsition ring cm the top.

post-tensioning in the hoop direction is provima by 575 tendcns that each

span 120°. These are anchored in six vertical bu[tress[?s evenly spaced

nround tne build

steel wires with

MPa). The dome

oriented at 120°

ng. All tendons are made oi Iiinety l/4-in.-(6-mm)-diam

an ultimate capacity of approximately 240 000 psi (1 660

s post-tensioned by three gruups of 63 tendarlseac~,

with respect to each other. These tendons anchor to the

cylinder-dome transition ring. Figures 2 and 3 show details cf the cylinder

intersection with the base slab and the dome and the tendon anchorages.

When the building is constructed, the tendons are stressed to 2C $ of their

ultimate capability. They then perform at 60-65 !:of their llltj~ldt!? cap-

ability during the life of the structure.

The l/4-in.-(6.4-[irnr)-thicksteel liner is a leak-tig~:t meicbrane made of

AST14 A442 Gride 6(I carbon steel. This type of steel has d nominal elonga-

tion of 23% in 2 in., so thu concrete to which it is anchored will have to

crack considerably and the associated steel reinforcement will have to yiela

to iillow the liner to stretch enough to fail. Cverl +.bough the steel is

ductile, some caution mutt be used when evaluating its response because it

is ill a biaxial stress state and the ductility cdn be lower nr~r dis-

ccmtinuities (i.e., anchor points) and weld s~arrl>.

rhe building was designed to withstand an internal quasistatic pressure

uf J) psig (0.32 MPa) with two basic desiun criteria. The first was to

guar~ntee the integrity of the liner plate under all loading conditions.

Spcond, th~ structure is to have a low-strain, Plastic response such that

its b[?hdViOr may be completely predictable under the r(”~uir~d lcadints,

!11, sTRLICTIIRALN“rILING

The cont~inment Luilclinq Jnalyzed herr is fl~lta truly Afii!.ymwtric

structure becduse of the buttresses th~t run v[?!-tically trIII-:IIY!ransiti[.rl

ring t.othe base mat every 60°. Also, ttll? t(?!!(:

,. s !.,:’

rl .Ir-r-,? II:: LII”I.!rIt. if [ ,(?(~o’:’P

Ilil’a (Illly pQt’iLNliC symmetry and iS not tl”llly,?~i’”\’’m’!”,ll).ii-...1’” “0”1 It :s “:rl

u[ivi(~llb ~i;:l;]licatiurl,w(?LIIU!.I.to IIIU(II’Ithf’[.:‘m . IIdIIIf II ,ii!:I. ::,,1!,



dxis~trlc structure bUCWSG of Its near symsetry. An axls#mWrlc model

15 also - logical choice hedluse of 5129 requlr-nts for running nonlinear

and aynamlc analys.s. The quaslstatlc overpressure loads me natu~ally

axis~trlc. The i~uls Ive tran~lent pressure loads generatd by a hydro-

gan burn are not necmsarlly axls~rlc. However, the choice of any other

loading distribution would be saMwIIa’t arbitrary. So, again, axis~tric

loading was choson for our Initial $tudles.

Before w detemlnti the msh f m tha ADINA model, we developed a simple

1 Inear md~l of the structure with an Interutive 1Inaar f Inlte ●lement

code.3 Data framthls ●nalysls, primarily internal lo-d dlstrlbutlons,

not only helped In developing an optlman mash, but provided valuable aata

for checking our ADINA calculations ad understanding tne results. Figures

4 and 5 show the Internal nment distributions for the cylindrical and dame

sections of the bulldlng for certain loads and load c-lnat+ons. in the

figures the mnents ar~ given as (in. - lrip)/in. where 1 klp is ~ual to

10W lbs (4 448 N). Frm the linear c~lnatlon of the post-tensioning

mamnts md the mmmts due to an internal pressure of 47 pslg (0.32 HPa),

we can mteminc t:lat resent reversal occurs al the top of the cylindrical

section at approximately ?0 psic (0.48 MPa) internal pressure. Momnt

rwersils occur at other kuy locations at higher pressurm. Thcs~ pressur~s

are lnportant because the stml relnforcmn~ in thp concrete is located

preferentii~lly to tdke maximmnmmts from post-tunsloninq wiLh no Intwml

pressure. Evan at the design accidm.r!p-~ssurf of 47 IWIII (0.37 %~’J), twss.

m~nts ●re lower and of the sam slqI. Uhm nmmt rmws~l miur%, tlw

%trllctura is no longer 1P d desiqn load stdtm

The philosophy of the nonlinear a~isymwtric nudvl W-I% to hiw ~ fair!;

accurate represt?ntition of th~ concrete and sturl III th~’ sldtIwall hillh

n~nt regions and In the d-. AIIJNA was chn%rn for ihr flnifv rl(mwvli

analytus because it mt ncarl.v 1111 rl’q~irmwi’, Iilr [U ih c,tiiI k m: IIV,I,V 1

aIIdly%cs with the cmceptlcm ut hiivinfjan ~xlsynmvtric ~ht’li i Imi: il. !~ll

clenxnt Iibrtiry. A nonlinrar twil-[,inl’’nslnricll •hl~ll Vl~I~imfl! IiIiI ;!v,l:l,”.:.

lle~n ikvehpcd dfld tested dt LidL4 fkr ifl~luiluh irl Itii :: l’,lS i ;O .IIIII

ilbrdry, and was inplmu!ntud irdi] MC CWIY vvr:.im III 1111. 111111.i I’ :11””.

allcilyiik. TM ~~h Skfl ilI Flu. 1~ kds d[’v{’1~[11’Li u%ifm “Iiii :,,1.”. IIII:C

iiwribmJ in !hJf. 5 %0 that LWOfIflkl ‘ mfI rof Imm+nt I IIIiiC : I B,1,1 Ill,,”,

Ldr~if’d Uutm For dfl accurwy ml . .. r.,1,,%11...~l~. t Ill% l’w,~II 1“1.1lf,~.’”m9 ! 1’ :1 \ ‘“m, m

bc d n~ressary stup.



Tne concrete material model used is the tensile r-a=iing, compression

cru~hing, strain softening model described in Ref. 6. TFQ tensile cracting

:nechanis:nis implemented by examining the maxiiwfi principal stress at eacn

Ele”JLnt integration point. If this stress exceecs at+= uniaxial cutoff

terlsile stress, a fallllre plane (interpreted flere as s “cracked” plafie) has

form~u normal to the maximum principal r,tress dircc~i?n. The normal stiff-

ness a~rGss this plane is decreased to a user-specified fac:cr times the

original stiffness. The shear stiffness at this int~gration ~oint is

zimilarly reduced. Me used the 8-node is~pararnetric axisynmetric el~ment

with a 3 x 3 array of inteqratiorr poir.ts. A normal stiffness reduction

f~ctor (JfU.WO 1 and a shear stiffness reducticri iac:cr cf @.~ were used.

Tfible f sunnarizes the concrete material prop~rtik’,. X+ dserl$ht saw

Lri(lxidlcompressive f.lilurc envelope given in ?cfm 6.

The mt?rifiiorl~l sidewall tendons were mori~lr’d ::sinn three !wstrairv?d

Lruss ultiments for t?ach tendon. These tendcm!, rlJf fl~-’ the rinq top ancrl(.r

~JUint3 to the dome spring line, from tin?tprirrc ]ifl(::0 tilehrr’~k in thicm.-

ness in the sidew,]ll, ~nd from this point to tnr? base mat anchor point. 7WG

sidtwll tendon sets were mocbled in the wall intr”rii)-with tr:enrva of F:ficll

set %peCified tO be onp-half the tOtdl tendon mea irl d fJnF? rtldfdfl SCCIMe~t

of thtl m;ual structuw.

Tne meridional dome tendcns were modeled with thr ~rrstraincd trussa

p~s%ing through the cu,lter of the dome elements and ~:rhm?d at the rirq

wterlor. E~rlr truss IIas d djf f~rent area c~l~l[lJt~~d has~d on lt~ :“.,.s’ - ,

~w.ltiorl irl th[’ dome, with ttw ai-ea being the full .lr~.a in : II(I radian

:,rgnmt Gf ttw ~ctudl structure for the tendons runn;:il! paral 1~’1 to t!w

llll,r.i[]i~ri~l (uurdin~~~l plus Ihu projs~cted are! 11~~~tlf.hle;wlm ~.ot%within the

rm r,nliilrlsuyncnt crossing at 60° t(Itllr:nleri’.iinr’.

!tmctl(lnpt.[’nclonzcm Lhp hificwall ~xt~rinr wIv.(1,?~,j~llflfiwith pr~istr,~in.lrt

“r Irllm”tr:IsbPs uf varyinq drl!,lsuch thdt thp trvi(tr’nt!”’t’,:.:t[ ,!rlI ~’~tcrirlr

hl:ll rlllduhJ> biised m tho di<tmcc Imtwmw rm4111p~.i’!tiin I’111wr’~11’l,md

tillt~w[lfllldr”ua in the dctudl structur~’. [lml. 1111(.11II.111:1.’I”:k,i.~’,:I.ii-iiI,;rly

-,1,11.1,111IIIirlq~l~i~ttr,lin{ldrlnq trusst?i. ;h~.JIIti f ! ;II’ f Fir, ‘.0;’. ( I-II.:. ill!l

!Ill,‘wir-idirlrlilltlw ono rd Inn %~’gwfvltKd:lI’VIiifq ‘.: .1:,11,,.... .;

illrt’~ I ion. Al I t,~udorl’l wwc CIMSCit i{’d to hliv~ .!!! 1’.:’ 1!1 ..lr’:ll ,* I ,11 I ; ,

al ,i~nld ‘,tr~”~,!l of Z.lh x 1115 I):li ( 1.4Y ~.ir’tt), .- : - “ .:’ I,,lr .”, ‘,:I! :

‘., , ,. ,’. ’11 ., II x 11.i!’ I’!tl (!’.!’~~ ll:’ll~. r’:!’ .:’” “ ‘ ;’ ““ ‘ ‘ ‘ ‘



TABLE I

CONCRETE WTERIAL PROPERTIES

Tangent modulus of ●lasticity at zero strain ~ ~ 106 PSI (35 Wa)

Poisson’s ratio 0.2

Uniaxlal cutoff tensile stress 500 psf (3.5 MPh;

Unlaxial maainnm coapresslve stress 5 500 asi (3E F!Pa;

Corresponding unfaxial compressive strafn 0.002

Uniaxial ultimate cofnpressfve stress 4 00LJ psi (2F MPa)

Corresponding ultimate c~ressive strain 0.003

elements after equilibrium fs established for thf~ initial strain vari[’s

from about 147 000 psf (1.01 GPa) to ?54 000 psi (1.CJb h?a), wnich i%

61-64 % of thtir ultimate ~trength. Thfs value of post-tensioning is con-

sistent with that in the actual structure.

Reinforcement tn the contafnrnf?nt building is ;!;W A-4?: stet~l with a

yield strength of 60000 psi (4i4 MPa). In the cylinc!ric~l and sphrrical

dane sections we represented the steel refnforcenw!nt with rlnq ml truss

finite ~lenmmts. In the base slab, where the effcrt (If thr ~te~l is not so

critical, we modeled the reinforcement mm sinmllsticallv with sh~ll fln’te

eleamts. All of the r~inforcement is located on the innrr m! m?m nnde

points of th~mesh (Ffq. 6). ~or both cases, tlw stcwl is cm”ttr,lirmd to

move with the concrete at each nndu point simlatint~ J ptvf(’ct hum!. IJ~w-

&’er, between node points, dfSnidCWWnt mnplltibililv hl’tn~w thf lnncretr

ml truss and ring clmnnt% does not exist.

Th@ l/4-in. (b=+mn) steel linw un thr “ntor~ur Id tnO ~tru[ fur!. i%

mwlulcd with the axlsynmtri[ mmllncw Wull f’lumtDflt d~’v.rlbt”d In Lc4, k,

Young’s modulus In the elastic rqlon is spuciflml tiI MI A’ x 1[)” 11>1(il.:

LIPa). Theylcld strungth Is .+:’ (Jim] Ilri (,’2(1 Ml’a) with II !.InuI.rIl Rodulum. (?

Ihb (,)W psi ( 1.14 GPa).

I!uundaryconditions used for the undo’

sLudy. thv cffvct of ttw soil prr’,wlr~ m

of the CyliIldrkdl Wdll WOS NglfJCttKi, A’



. .A) isymletrlc mbaelin~ of a structbre ;I -: i5 c? ~, T,=G-lY ~~isj:-
n,etric.

u :di Icing penetrations are not moa~lec.

G ;endons are Only approximately IIIO~elE5 ..::?. :nE :Pdss RiXf!St?IIta-
tiwi, particularly on the dam region r.-.+-% tws%s d% tied tc
~acf: concrete element for proper curve: .-v.

b The actual liner anchor spacing Is no: wresent~c; r..:her Vw
liner is attached to the concrete at eecz irltertcrnode.



wlsion, incicaiing tne sigrl of the benain~

sense fcm wnicn the structure his destgfiea.

TASLE 11
A::*A KLXL CLW?XIED TC 53

Li

LJk

LJJ

!+easured (in.) Preaicticr ‘ir,.; :c”:~%:i:r,;i’.——.—- .. ....

U.C17 0.05

L1.lb 0.16
0.14 0.10
U.14 (j.:;

CJ.GS ,-,-b i.,

kertical displacement uf Lure fr’;:.;..-r~ii:;,;::..— IL.,~—— .-— — . ..---b-- .---



~rldt r,a~fiit~d~s are approaching the maxim,u~,alloxafiia:e?.SiUn ir’tn= Cor-

:rete LIZ tne inner surface. Between 91 and 92 psig, l.=::i~incicates thst

“L~:k .,f,i.r=te cracks on the inn~r surface of the ring (Fi;. ~31. Figure 14

ill ,trctcs the new distribution of maximum tensile stress as :ensile

stresses in :he concrete are relieved. The ma~it:.m tensile areas ncw re-

:istribtiie to either side of the cracked region. :quilibri~m is fieintainet

L,jtile s:tel reinforcing and the liner. ToI’exa::pie, tne stress ievel in

tne sI:el1 iJseG to aefine material yield goes from 4 XJG psi (22 Wa) before

cracking to 17 (IX psi (117 MPa) inxnediately after cracking. This stress

le~el is equal to three times the second invariant of the stress deviator

for a biaxi~l stress state.

Trlec,+lculation continued essentially unchanged tc 96 psig (0.66 XDa)

h“itnno further cracks developing. Setween 56 psig :L.5CI!@a) and ’27psig

iu.67 #~), a large part of the central Dnrtion of the cylindrical Sicewall

crac~s in the IIoopGirectlbn. This cracking is cdused by the lar~e membrane

iL)GdS in the Wdll. k’nen the wall cracks, the load previo~sly cart-ied in the

concrete is transferred to the steel reinforcement anG post-tensioning

tenuuns, considerably increasing the lfiads that th~y carry. The gross

crackirl~ of tilewell alsJ changes the internal loan distribution in the

5truc:lJre enough to cause cracking from bending ~tresses at both sides of

the clume transition ring and near the bottom of the cylindrical sidewall

(li in. (1.s I:,)from its intersection! with the base slab).

:;xcept for a few cracks closing in ona element in the transition ring,

Lll~c~lcultition remains unchanged in character to 103 psicj (0.71 I+Pa). At

LIIIS interlial~ressure, the steel liner near the middle of the sidewall

YICIUL beCdUSt of Iligb strdins in the hoop direction. Even though the liner

)i~l~~s, it 5hotild remairl intact because of its relatively high cluctility

..!,:iitnc steel reinforcement in the wall yields. One? the reinforce’lent

;1-;,1>, tt;econcrete can s~:pardte, stretching the linsr dnd allowing sig-

~.lri ,trltshear deflections in the concrete and thus the 1iner. i.Jwir~ the

:.r:’,”,”rc ICJG5history, the stresses in the hoop r~:iflflLrCC””eCtand L~n~ori~

!.1’dtiil-v incre~se but re!nain below the mzterial ~“i~ld fJ~,i’~~s.

3~’L*fien1u3 psig (ij.71MPa) and 112 osig (0.77 !:~-:).:Ilec(.!,L~!.r:I:,?vel-

-,;.!~ d few additional CrdCkS if!the high Komerlt ro:;i:n:. ~.~e,’?r”,I;.I;,-.,

;i~jldinfjof the reinforcwrent has occurec so all rrac; ~~:,l>~lln’!sr~~;-~ir.l:,..:11



and the steel liner is still intact though yielcs: S: LYs c,’lic~-iza! ~id~-

wall. At a pressure of slightly over 112 psig (L.~7 ‘%5), the celctilaticn

experiences a numerical instability. This can pr:~~aiy be a“.;-i:~ced ~c

Caclitional cracking of cc)ncrete -, causing some pre”.”:2~SlJIds~elc:ed cracks c;

close. Examinations of maximum principal stresses ~n the ccncr=te at

112 psig (0.77 hiPa) reveals imminent cracking ac ~eieral Iocatiars. In Par-

ticular, an element near the base of the wall wiln :rack at sevsral inte-

gt-ation points before an additional 0.1 psig (65: ~i) is applied.

Because the structure has not r~ached its fai~ure point, based on steei

reinforcement and tendon stresses, we linearly extrapolated the ~;LIIIM

stresses in key elements to approximate the most iiiely failure pressures

for different failure modes. Table III presents t~lsfail~re ::Ldes dlGliCJ

with an approximation of the maximum pressure for each ~cd~. TT13Se esti-

mates have excluded the possibility that additior,a~ cracking af the concre~:

#ill radically change the loads in the reinforcersct af”,dt~ntior.str,atarc

most likely tc fail. This is a good approxifiaticn, esr,eci~lly ~cc?use tii~

first failure mode comes from membrme induced str~sse~ tnat Ire nGt likely

to change with adtiitional concrete cracking.

Failure Mode ?r!-ssur~—— — -—__

Tendon yield from ~xcessive membrane lp~j~!;i~ ((J.”; !;~d~

loacls in :1.xJp direction.

Lin~r failure from excessive concrpte

cracking ~ccolllpaniedby reinforcw):”::~

yield.

3ase of cylindric(ll wall

IJomc transition rirlg



VI. DYNAMIC RESPONSE

To assess the response of the containment structure to a hydrogen ex-

plosion, we performed a dynamic analysis u ing the model described above.

The transient time history shown in Fig. 15 was applied as a pressure load-

ing to the entire interior (no spatial variation) of the containment. This

transient represents a 100 psig (0.7 MPa) peak pressure impulse that could

arise from a hydrogen burn followed by a long time overpressu~e thermal

effect. Calculations were also carried out with a 200 psig (1.4 MPa] peak

pressure dynamic load.

To help explain the calculated transient response, we obtained the first

five axisymnetric modes of vibration for the structure along with their

frequencies. The mode shapes and frequencies are shown in Fig. 16. The

fundamental, or lowest frequency, is 12.1 Hz and the mode shape involves the

massive dome ring moving with high bending regions to either side of it in

tnc cylinder wall and the dome. These modes were obtained with the struc-

ture in its configuration before post-tensioning. With the post-tensioning

effects present, the frequencies are expected to be somewhat ‘ower. Also,

tilemodal data are exactly applicable only when the structural respor!se is

linc~r. As the concrete cracks cr crushes ~nd the steel yields, these

frequencies will be even lower.

Fiqure 17 shows the displacement response of the dome ape? for the first

125 ms uf buildlng response to the 100 psig (0.7 MPa) pressure transient

described above. The apex translates vertically: 1.2 in. (30 mm) from its

equilibrium point ot -0.6 in. (15 mm). Frequency of response is dominated

by a mode with an apparent frequency of approximately 8 Hz. This is prob-

ably the fundamental mode with its frequency lowered by the post-tensioning

~I]Ucurlcrete cracking effects. In the model, we do not ~ccount for any

structural damping other than thdt coming from nonlinear material effects.

In r~!~lity, there is prob~’bly 7-10% equivalent viscous damping for a struc-

ture of this sort. If this damping were considered, th~”response would be

sumcwtldt lower through the first cycle of the fundamental frequency.

Cracking of the concrete from this transient is severr. Figur@s 18 and

19 show thu developing CrdCk pattern at the dome-ring intersection. The

fir~t crack plant in the structure appears at time T = 10.1 ms JS shown in

tig. ltl. By timeT = 11.5 ms, the entire region is crackrd in the manner

shown in Fig. 19. In general, during th~ tronsimt response, most of the



structural concrete has undergone cracking, though many cracks close again

to carry compressive loeding. Figure 20 illustrates the severity of the

cracking in the intersection region of the side WS1l and base slab. The

corlcrete in th~s region at time T = 40 ms h~s crac~ea completely through the

wall. Reinforcement strains at this time are smull, however, indicating

tnat the structure does nGt undergo shear failure.

The region near the apex not only cracks during the transient, but also

undergoes a compressive crushing failure. For the concrete material model

that we used, this means the material no longer will carry load. It should

again be noted thd we have made the reinforcement axisynunetric in the

model, whereas in the actual structure the reinforcement distribution is not

axisymetric. T5is simplification could influence this mode of failure and

should be studied in some future analysis. Fiqure 21 shows the crushed

region ~t the apex of the dome.

The reinforcement remains eldstic throughout the transient, indicating

that though severe damage to the concrete occurs, the load carrying ability

[Jfthe StrUctUre remains.

The liner undergoes yield during the transient in the two regions in-

dicated on Fig. 21. The peak strains, however, remain below 0.13-Ll.14%.

Because of the large ductility of the llner material (23%), the liner will

not be breached, though further investigation of lccal strains nc~r liner

wlchors and more refined modelfng are needed to resolvu this qmstion.

In general, the finlke element model Indicates that this trmsicnt will

clwage the building beyond repair. However, the ability of thu linur to

m~l;ltain the internal overprcssurc rumains. A l’L’pl!at of tll(: Clllt:(llLlti(lll

wltil a 2UU psi peak pressure Indic,ltudcdtastropt!ic i“ililur~?nt tll~’uutlt~irl-

uwrlt bullJirlg LN!causc scvur~l tenduns rt~wh thuir ult.imdtr Iocldcllr)..ying

capacity.



[i,ud~ imlrlg r~pture of hoop tendons near the midpoint of the cylindrical side

wall. FIJI-tne dynamic loading used in the 100 psig (0.7 ;{Pa)peak calcu-

Idtion, tlli?containment capability will refiiainbut tileconcrete will bc

aan,iigedueycnd repair. We also applied a 200 psi5 (1.4 M’s) peak impulse to

this mockl. Although we did not run the calculation long enough to obtain

the peak building response, early time results predict catastrophic failure

rJt thfjstructure.
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